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According to various embodiments, a package arrangement
may include: a first encapsulation material; at least one
clectronic circuit at least partially embedded in the first
encapsulation material, the at least one electronic circuit

including a first contact pad structure at a first side of the at
least one electronic circuit; at least one electromechanical
device disposed over the first side of the at least one
electronic circuit, the at least one electromechanical device
including a second contact pad structure facing the first side
of the at least one electronic circuit; a redistribution layer
structure between the at least one electromechanical device
and the at least one electronic circuit, the redistribution layer
structure electrically connecting the first contact pad struc-
ture with the second contact pad structure, wherein a gap 1s
provided between the at least one electromechanical device
and the redistribution layer structure; a second encapsulation
material at least partially covering the at least one electro-
mechanical device, wherein the gap 1s free of the second
encapsulation material.
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FIG. 3
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00

FIG. 6

610
At least partially embedding at least one electronic circuit in a first
ecncapsulation material, the at least one electronic circuit comprising a first
contact pad structure at a first side of the at least one electronic circuit
620

Forming a redistribution layer structure over the at least one electronic

circuit, the redistribution layer structure electrically contacting the first
contact pad structure

Disposing at least one microelectromechanical system (MEMS) over the
redistribution layer structure, the at least one microelectromechanical system
comprising a second contact pad structure, the second contact pad structure
electrically contacting the redistribution layer structure, wherein a gap 1s
provided between the at least one microelectromechanical system and the
redistribution layer structure

640

At least partially covering the at least one microelectromechanical system

with a second encapsulation material, wherein the gap remains free from the
second encapsulation material
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PACKAGE ARRANGEMENT, A PACKAGE,
AND A METHOD OF MANUFACTURING A
PACKAGE ARRANGEMENT

TECHNICAL FIELD

Various embodiments relate generally to a package
arrangement, a package, and a method of manufacturing a

package arrangement.

BACKGROUND

In general, one or more electronic circuits, e.g. integrated
circuits, dies, chips or mtegrated circuit structures, may be
embedded into mold maternial to provide a chip embedding
package, e.g. an embedded water level package (eWLB or
eWLP), e.g. a fan-out water level package (FOWLP), and
the like. In semiconductor processing, water level packaging,
(WLP) may be used for packaging an integrated circuit
while the integrated circuit 1s still part of the water or while
the integrated circuit 1s handled as a wafer. In contrast,
individual integrated circuits (e.g. individual chips or dies)
may be first singulated from the wafer and packaged sub-
sequently 1n other packaging technologies, wherein the
chuips or dies may be packaged individually. Wafer level
packaging or a waler level package may be regarded as a
chup-scale package (CSP), wherein the resulting package
may be substantially of the same size as the die or chip. A
waler level package may include electrical contacts, e.g.
solder lands, for electrically contacting the one or more
clectronic circuits embedded into the mold material of a
waler level package.

SUMMARY

According to various embodiments, a package arrange-
ment may include: a first encapsulation material; at least one
clectronic circuit at least partially embedded in the first
encapsulation material, the at least one electronic circuit
including a first contact pad structure at a first side of the at
least one electronic circuit; at least one microelectrome-
chanical system disposed over the first side of the at least
one electronic circuit, the at least one microelectromechani-
cal system including a second contact pad structure facing
the first side of the at least one electronic circuit; a redis-
tribution layer structure between the at least one microelec-
tromechanical system and the at least one electronic circuit,
the redistribution layer structure electrically connecting the
first contact pad structure with the second contact pad
structure, wherein a gap 1s provided between the at least one
microelectromechanical system and the redistribution layer
structure; a second encapsulation material at least partially
covering the at least one microelectromechanical system,
wherein the gap 1s free of the second encapsulation material.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer
to the same parts throughout the diflerent views. The draw-
ings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the inven-
tion. In the following description, various embodiments of
the invention are described with reference to the following
drawings, in which:

FIG. 1 shows a package arrangement in a schematic cross
sectional view or side view according to various embodi-
ments;
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2

FIG. 2 shows a package arrangement 1n a schematic cross
sectional view or side view according to various embodi-
ments;

FIG. 3 shows a package arrangement 1n a schematic cross
sectional view or side view according to various embodi-
ments;

FIG. 4 shows a package arrangement 1n a schematic cross
sectional view or side view according to various embodi-
ments;

FIGS. 5A and 3B show a package arrangement respec-
tively 1n a schematic cross sectional view or side view
according to various embodiments;

FIG. 6 shows a schematic tlow diagram of a method of
manufacturing a package arrangement according to various
embodiments;

FIGS. 7A-TE show a package arrangement in a schematic
cross sectional view or side view at various processing
stages during manufacture according to various embodi-
ments;

FIGS. 8A-8E show a package arrangement 1n a schematic
cross sectional view or side view at various processing
stages during manufacture according to various embodi-
ments;

FIGS. 9A-9D show a package in a schematic cross
sectional view or side view at various processing stages
during manufacture according to various embodiments;

FIGS. 10A-10C show a package i a schematic cross
sectional view or side view at various processing stages
during manufacture according to various embodiments;

FIGS. 11A-11C show a redistribution layer structure of a
package or ol a package arrangement in a schematic view
according to various embodiments; and

FIGS. 12A to 12D show a package arrangement respec-
tively 1n a schematic cross sectional view or side view at
various processing stages during manufacture according to
various embodiments.

FIGS. 13A to 13D show a package arrangement respec-
tively 1 a schematic cross sectional view or side view at
various processing stages during manufacture according to
various embodiments.

FIGS. 14A to 14D show a package arrangement respec-
tively 1n a schematic cross sectional view or side view at

various processing stages during manufacture according to
various embodiments.

DESCRIPTION

The following detailed description refers to the accom-
panying drawings that show, by way of illustration, specific
details and embodiments in which the mmvention may be
practiced.

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or illustration”. Any embodiment or
design described herein as “exemplary” 1s not necessarily to
be construed as preferred or advantageous over other
embodiments or designs.

The word “over” used with regards to a deposited material
formed “over” a side or surface, may be used herein to mean
that the deposited material may be formed “directly on”, e.g.
in direct contact with, the implied side or surface. The word
“over” used with regards to a deposited material formed
“over” a side or surface, may be used herein to mean that the
deposited material may be formed “indirectly on” the
implied side or surface with one or more additional layers
being arranged between the implied side or surface and the
deposited matenal.
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The term “lateral” used with regards to the *“lateral”
extension of a structure (or of a structure element) provided
at least one of on or 1n a carrier (€.g. a substrate, a waler, or
a semiconductor work piece) or “laterally” next to, may be
used herein to mean an extension or a positional relationship
along a surface of the carrier. That means that a surface of
a carrier (e.g. a surface of a substrate, a surface of a walfer,
or a surface ol a work piece) may serve as relerence,
commonly referred to as the main processing surface. Fur-
ther, the term “width” used with regards to a “width” of a
structure (or of a structure element) may be used herein to
mean the lateral extension of a structure. Further, the term
“height” used with regards to a height of a structure (or of
a structure element), may be used herein to mean an exten-
sion of a structure along a direction perpendicular to the
surface of a carrier (e.g. perpendicular to the main process-
ing surface of a carrier). The term “thickness” used with
regards to a “thickness” of a layer may be used herein to
mean the spatial extension of the layer perpendicular to the
surface of the support (the material or material structure) on
which the layer 1s deposited. If a surface of the support 1s
parallel to the surface of the carrier (e.g. parallel to the main
processing surface) the “thickness™ of the layer deposited on
the surface of the support may be the same as the height of
the layer. Further, a “vertical” structure may be referred to as
a structure extending in a direction perpendicular to the
lateral direction (e.g. perpendicular to the main processing
surface ol a carrier) and a “vertical” extension may be
referred to as an extension along a direction perpendicular to
the lateral direction (e.g. an extension perpendicular to the
main processing surface of a carrier).

Water level packaging may include extending the water
tab processes to include device interconnection processes
and/or device protection processes. For example, waler level
packaging may include embedding or partially embedding,
clectronic circuits or integrated circuits (e.g. chips or dies)
into mold material, and forming solder bumps or other
contact structures in the mold material and/or over the
embedded electronic circuits or integrated circuits. The
embedded electronic circuits or integrated circuits may
provide a wafer level package, e.g. a so called recon waler
(reconfigured water), recon carrier, or artificial water, which
may be handled similarly to a wafer during the further
processing.

According to various embodiments, a waler level package
(or 1n other words a package) may be formed by encapsu-
lating one or more dies, one or more chips, and/or one or
more electronic circuits (or any other electronic circuit
structure) 1into an encapsulation matenal, e.g. by performing
a molding process, as for example, water level compression
molding. The dies, chips, or electronic circuits may be
completely or partially encapsulated; and, optionally, the
package including the embedded dies, chips, or electronic
circuits may be thinned to a desired thickness, e.g. by
ogrinding. Further, thinning the package may result in expos-
ing at least some of the embedded dies, chips, or electronic
circuits partially at a surface of the package. The recon wafer
provided by the embedded dies, chips or electronic circuits
may be singulated to provide individual packages or mod-
ules, e.g. by sawing, or other singulation processes.

According to various embodiments, an encapsulation
material for manufacture of a package or waler level pack-
age may include liquid molding compounds or solid mold-
ing compounds. According to various embodiments, an
encapsulation material for manufacture of a package or a
waler level package may include a polymer, e€.g. a resin, e.g.
EpOXY resin.
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According to various embodiments, an encapsulation
maternal for encapsulating (molding or casting) a chip, a die,
and/or an electronic circuit may include liquid molding
compounds or solid molding compounds. According to
various embodiments, an encapsulation material for encap-
sulating (molding or casting) a chip, a die, and/or an
clectronic circuit may include a polymer, e.g. a resin, e.g.
epoxy resin. According to various embodiments, any other
suitable material may be used as encapsulation material, e.g.
silicone, e.g. benzocyclobutene.

According to various embodiments, an electromechanical
device may include a mechanical component, €.g. a sensor,
or a movable component, and an electronic component, e.g.
an electronic circuit structure or an mtegrated circuit struc-
ture. The term microelectromechanical system (MEMS)
may be used herein to mean a small device or small devices,
¢.g. including electrical and mechanical components with a
s1ze less than about 100 um. An electromechanical device
may also include a nano-scale nanoelectromechanical sys-
tem (NEMS) and nanotechnology. MEMS may be also
referred to as micromachines or micro systems technology
(MST). An electromechanical device may be manufactured
in semiconductor processing technology, e.g. by applying
the basic semiconductor processing techniques, as for
example layering, patterning (e.g. by photolithography and
etching), thermal processing, and/or 1on implantation to
provide the required shapes (mechanical components) and
clectronic structures.

According to various embodiments, a surface acoustic
wave device may be an electromechanical device which may
rely on a surface acoustic wave (SAW). A surface acoustic
wave may travel along a surface of an elastic material with
an amplitude that may decay exponentially with depth into
the elastic material.

According to various embodiments, a surface acoustic
wave device (e.g. a surface acoustic wave chip) may include
a surface acoustic wave {ilter used for example 1 radio
frequency applications. A surface acoustic wave device may
be configured to convert electrical signals 1nto a mechanical
wave (1nto a SAW), e.g. by use of a piezoelectric crystal or
ceramic, wherein the mechanical wave may be modified 1n
the device, e.g. the mechanical wave may be delayed as 1t
propagates across the device, before the mechanical wave
may be converted back to an electrical signal, e.g. by further
clectrodes. Further, the delayed outputs may be recombined
to provide a direct analog implementation of a finite impulse
response filter. SAW filters may work for example up to a
frequency of about 3 GHz for electronic signals. Further, a
surface acoustic wave device may include a surface acoustic
wave sensor, which may operate based on a modulation of
surface acoustic waves to sense a physical quantity.

According to various embodiments, an electromechanical
device (e.g. a MEMS, e.g. a SAW device) may be included
into a package arrangement (e.g. into a watfer level package
arrangement), or into any other multichip module including
the electromechanical device and at least one electronic
device coupled to the electromechanical device. According
to various embodiments, a package arrangement may
include at least one electromechanical device, wherein at
least a part of the surface of the electromechanical device
may not be covered with a solid matenial to allow the
operation of the mechanical part of the electromechanical
device, e.g. to allow an oscillation or a propagation of a
surface acoustic wave, or any other movement of the elec-
tromechanical device. A surface acoustic wave chip may be
part ol a multichip module (e.g. of a package arrangement or
waler level package arrangement), wherein the surface
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acoustic wave chip may have a cavity (empty space) above
those regions of the chip, where the acoustic wave has to be
generated on the surface of the chip.

According to various embodiments, a method 1s provided
to 3D-integrate at least one electromechanical chip into a
waler level package (e.g. as a chip stack) and to provide a
cavity so that the electromechanical chip can be operated as
desired. According to various embodiments, a method 1s
provided to 3D-integrate a surface acoustic wave chip (or a
plurality of surface acoustic wave chips) into a wafer level
package (eWLP) and to build easily a cavity over a surface
of the surface acoustic wave chip.

Typically, SAW chips may be bonded on ceramic sub-
strates and covered by lids or foils which may form the
cavity. Typically, already packaged SAW chips may be used
to build a module including one or more SAW chips,
wherein the packaged SAW chip may have a cavity already
provided inside the package of the SAW chip. These pack-
ages may be bonded typically side-by-side to other chips.
This typically used side-by-side arrangement may induce
bigger packages and therefore higher costs. Further, using
already packaged SAW chips may be expensive compared to
providing a multichip water level package including one or
more SAW chips and one or more other chips.

According to various embodiments, a method may be
provided which may include using unpackaged SAW chips
including flip-chip bumps and stack/solder them onto a
redistribution layer of a wafer level package. The unpack-
aged SAW chips being used may be covered with a foil to
prevent mold compound flowing into the gap between the
waler level package and the SAW chip, and, subsequently,
an over-molding process may be applied to mold the SAW
chip and the wafer level package at least partially. Alterna-
tively, an SUS-frame may be used to prevent mold com-
pound from flowing into the gap.

According to various embodiments, the small line/space
tor example needed for building mnductors (e.g. coils) for the
module can be done in the wafer level package (eWLP).
Further, an electromagnetic induction (EMI) housing may be
provided 1n and/or on the wafer level package for the chips
embedded 1n the wafer level package, e.g. for LNA chips.
For example, an EMI protection may be unnecessary for a
SAW chip and therefore the EMI protection can be designed
space saving, or illustratively only where it 1s needed.

According to various embodiments, the water level pack-
age may act as or may be a substrate for applying a
commercial SAW chip (a SAW chip with tlip-chup bumps
without a cavity) which may be easy to be done and which
may be cost eflective, e.g. since a bigger line/space can be
used.

According to various embodiments, the cavity needed for
the SAW chip may be provided without harming the other
components 1n the module, because they are already covered
(embedded) 1n the water level package (in other words 1n the
c¢WLP substrate).

According to various embodiments, the package arrange-
ment (or 1n other words the embedded water level package
arrangement) provided herein may be a multi-chip wafer
level package (or i other words a multi-chip embedded
waler level package arrangement) with at least one electro-
mechanical device (e.g. with at least one electromechanical
chip). According to various embodiments, the package
arrangement provided herein may include an electrome-
chanical device (e.g. a SAW chip) stacked over an electronic
device (e.g. over an electronic circuit, a chip, a passive
device, or the like).
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According to various embodiments, due to the 3D-attempt
the module (or in other words the package arrangement)
may be smaller and more cost eflective than for example
2D-modules (including for example a side-by-side arrange-
ment of the chips).

According to various embodiments, an electronic circuit,
¢.g. a low noise amplifier (LNA) or an LNA chip, or an
integrated passive device (IPD) or IPD chip, or inductors 1n
eWLP technology (1in other words one or more electronic

circuits or one or more chips using a multilayer RDL
(redistribution layer) capability of the eWLP) may be used
as substrate for one or more SAW chips (e.g. SAW chips
with thp-chip bumps), wherein the needed functionalities
(e.g. shielding, line/space, multilayer RDL, interface and
connection of different chips) may be decoupled and limited
to where they are needed.

FIG. 1 illustrates a package arrangement 100 (1n other
words a module or a package) 1n a schematic cross sectional
view according to various embodiments, wherein the pack-
age arrangement 100 may include: a first encapsulation
material 102 and an electronic circuit 104 at least partially
embedded 1n the first encapsulation material 102, wherein
the electronic circuit 104 may include a first contact pad
structure 104¢ at a first side 104a of the electronic circuit
104. Further, the package arrangement 100 may include a
plurality of electronic circuits 104 at least partially embed-
ded 1n the first encapsulation material 102. Further, the first
encapsulation material 102 may include a resin, e.g. epoxy,
or any other encapsulation material being suitable for encap-
sulating the electronic circuit 104.

The electronic circuit 104 may include a chip, a die, or
any other electronic circuit 104 1n semiconductor technol-
ogy. The electronic circuit 104 may include a passive device,
¢.g. a passive mtegrated device, as for example an inductor
or a coil. According to various embodiments, the electronic
circuit 104 may include or may be a driver circuit for at least
one electromechanical device, e.g. a driver circuit for a SAW
device or a SAW chip. The electronic circuit 104 may
include at least one of a low noise amplifier (LNA), an
integrated passive device (IPD), an inductor, and a resonator
circuit.

According to various embodiments, the one or more
clectronic circuits 104 embedded 1nto the first encapsulation
material 102 may provide a carrier 100q, e.g. a so called
recon carrier, a so called water level package or eWLP, for
at least one electromechanical device 106. The first contact
pad structure 104¢ may be provided at the first surface 104a
of the electronic circuit 104 and the electronic circuit 104
may be at least partially embedded into the first encapsula-
tion material 102. According to various embodiments, the
first contact pad structure 104c may include a plurality of
contact pads, the contact pads may be planarized or may
protrude from the respective electronic circuit 104. The at
least one electronic circuit 104 may be embedded mto the
first encapsulation material 102 so that the surtace 104a of
the electronic circuit 104 may be in-plane with a first side
(c.g. the front side) of the carrier 100a.

As 1llustrated in FIG. 1, the package arrangement 100
may include an electromechanical device 106 (e.g. a
MEMS, a NEMS, a SAW device or a SAW chip) disposed
over the first side of the electronic circuit 104, wherein the
clectromechanical device 106 may include a second contact
pad structure 106c¢ facing the first side 104a of the electronic
circuit 104. According to various embodiments, the second
contact pad structure 106¢ may include a plurality of contact
pads, the contact pads may be planarized or may protrude
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from the electromechanical device 106. Further, the package
arrangement 100 may 1nclude a plurality of electromechani-
cal devices 106.

According to various embodiments, the at least one elec-
tromechanical device 106 may be provided in flip-chip
design so that the electromechanical device 106 may be
clectrically connected to the electronic circuit 104. The at
least one electromechanical device 106 may include or may
be an electronic filter, e.g. to modily a signal received from
the at least one electronic circuit 104 and to provide a
modified signal to the at least one electronic circuit 104.

According to various embodiments, the package arrange-
ment 100 may further include a redistribution layer structure
108 disposed between the at least one electromechanical
device 106 and the at least one electronic circuit 104, the
redistribution layer structure 108 electrically connecting the
first contact pad structure 104¢ with the second contact pad
structure 106c¢. Illustratively, the redistribution layer struc-
ture 108 may include a wiring structure, e.g. metal lines,
contact pads, vias, and the like, embedded into a dielectric
material for electrically connecting the electronic circuit 104
with the electromechanical device 106 as desired.

As illustrated 1n FIG. 1, the electromechanical device 106
and the redistribution layer structure 108 may be configured
so that a gap 109 1s provided between the electromechanical
device 106 and the redistribution layer structure 108. Illus-
tratively, the electromechanical device 106 may be provided
in thp-chip design so that the electromechanical device 106
may be electrically connected to the electronic circuit 104
via the redistribution layer structure 108, wherein the elec-
tromechanical device 106 and the redistribution layer struc-
ture 108 may be configured so that the gap 109 1s provided
when the electromechanical device 106 1s mounted to the
redistribution layer structure 108. According to various
embodiments, the second contact pad structure 106¢c may
protrude from the electromechanical device 106 to provide
the gap 110.

Further, the package arrangement 100 may include a
second encapsulation material 110 at least partially covering
the electromechanical device 106, wherein the gap 109 1s
free of (or iree from) the second encapsulation material 110.
According to various embodiments, the first encapsulation
material 102 and the second encapsulation material 110 may
include or may consist of a resin, e.g. €poxy resin, or any
other suitable molding matenial or encapsulation material
used 1n semiconductor processing.

As 1llustrated 1 FIG. 1, the first contact pad structure
104c, e.g. including a plurality of first contact pads, may face
the redistribution layer structure 108; or in other words, the
first contact pad structure 104¢ may be electrically contacted
by the redistribution layer structure 108. Further, the second
contact pad structure 106c¢, e.g. including a plurality of
second contact pads, may face the redistribution layer struc-
ture 108; or in other words, the second contact pad structure
106¢c may be electrically contacted by the redistribution
layer structure 108.

The second encapsulation material 110 may cover a side
(or surface) of the electromechanical device 106 facing
away from the redistribution layer structure 108, e.g. a side
opposite to the second contact pad structure 106c¢. Further,
the second encapsulation material 110 may laterally sur-
round the electromechanical device 106 covering the sides
or surfaces of the electromechanical device 106 facing into
the lateral direction 101; the lateral direction 101 may be
defined by the surface of the carrnier 100a. The second
encapsulation material 110 may partially cover the redistri-
bution layer structure 108.
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According to various embodiments, the redistribution
layer structure 108 may include a wiring structure for
clectrical routing, ¢.g. for electrically connecting the elec-
tronic circuit 104 and the electromechanical device 106, and
a shielding structure for electromagnetic shielding, e.g. for
EMI protection of the electronic circuit 104. The electro-
magnetic shielding may overlap more than 50% of the
clectronic circuit 104, with respect to the direction 105.

Various modifications and/or configurations of the pack-
age arrangement 100 and details referring to the electronic
circuit 104, the electromechanical device 106, and the
redistribution layer structure 108 are described 1n the fol-
lowing, wherein the features and/or functionalities described
referring to FIG. 1 may be included analogously. Further, the
features and/or functionalities described in the following
may be included 1n the package arrangement 100 or may be
combined with the package arrangement 100, as described
betore referring to FIG. 1.

FIG. 2 1illustrates a package arrangement 100 1n a sche-
matic cross sectional view according to various embodi-
ments, wherein the redistribution layer structure 108
includes a first redistribution layer 108a and a second
redistribution layer 10856, and wherein the second redistri-
bution layer 1085 may be disposed on the first redistribution
layer 108a. Illustratively, the redistribution layer structure
108 1s a multilevel redistribution 108. The first redistribution
layer 108a may include a wiring structure with a plurality of
metal lines, contact pads, and/or vias. The second redistri-
bution layer 1085 may include a wining structure with a
plurality of metal lines, contact pads, and/or vias. The
second redistribution layer 1085 may include, e.g. additional
to the wiring structure, a metal layer for electromagnetic
shuelding (ci. FIG. 11).

FIG. 3 illustrates a package arrangement 100 1n a sche-
matic cross sectional view according to various embodi-
ments, wherein a sealing structure 306 may be disposed
between the electromechanical device 106 and the redistri-
bution layer structure 108, the sealing structure 306 sur-
rounding (or in other words defining or encircling) the gap
109. Illustratively, the sealing structure 306 may prevent that
the second encapsulation material 110 fills the gap 109
during processing, e.g. during encapsulating, casting, or
molding. Alternatively or optionally, the electromechanical
device 106 may be covered by a foil or tape before encap-
sulating (e.g. molding) the electromechanical device 106 so
that the second encapsulation material 110 may not fill the
gap 109 during processing.

FIG. 4 1llustrates a package arrangement 100 1n a sche-
matic cross sectional view according to various embodi-
ments, wherein a further redistribution layer structure 408 1s
disposed over a second side 1045 of the electronic circuit
104 opposite the first side 104a of the electronic circuit 104.
In other words, the further redistribution layer structure 408
may be disposed over a second side (e.g. a backside) of the
carrier 100a facing away from the redistribution layer struc-
ture 108 and the electromechanical device 106. According to
various embodiments, the further redistribution layer struc-
ture 408 may be electrically connected to the electrome-
chanical device 106, the electronic circuit 104, and/or the
redistribution layer structure 108. According to various
embodiments, the turther redistribution layer structure 408
may electrically contact the backside 1045 of the electronic
circuit 104, e.g. in case the electronic circuit 104 1s an
clectronically vertical device with a current flow from the
first side 104a of the electronic circuit 104 to the second side
1045 of the electronic circuit 104.
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As 1llustrated i FIG. SA, according to various embodi-
ments, the package arrangement 100 may include a via 508
extending through the first encapsulation material 102 (in
other words extending through the carrier 100a from the
front side of the carrier 100a to the backside of the carrier
100a), wherein the further redistribution layer structure 408
and the redistribution layer structure 108 may be electrically
connected with each other by the via 508.

According to various embodiments, the redistribution
layer structure 108 and the further redistribution layer struc-
ture 408 may be provided or may be formed in aluminum
technology or in copper technology. Further, the via 508
may be provided or may be formed 1n aluminum technology
or 1n copper technology. According to various embodiments,
the via 508 may be formed after the electronic circuit 104
has been embedded into the first encapsulation material 102,
¢.g. by forming a through hole into the first encapsulation
material 102 and by filling the through hole with an elec-
trically conductive matenal, e.g. with a metal or metal alloy.

Alternatively, the package arrangement 100 may include
a metal block 508 (a solid metal piece) at least partially
embedded into the first encapsulation material 102 and
disposed next to the electromic circuit 104, wherein the
turther redistribution layer structure 408 and the redistribu-
tion layer structure 108 are electrically connected with each
other by the metal block 508. The metal block 508 may be
embedded into the first encapsulation material 102 at the
same time (together with) the at least one electronic circuit
104.

As 1llustrated 1n FIG. 5B, according to various embodi-
ments, the package arrangement 100 may include a plurality
of vias 508 or a plurality of metal blocks 508, 1n analogy as
already described. Further, according to various embodi-
ments, the first encapsulation material 102 and the second
encapsulation material 110 may be electrically 1nsulating or
may 1nclude an electrically insulating (a dielectric) material.
The redistribution layer structure 108 may provide a fan-out
region laterally next to the electronic circuit 104 for elec-
trically connecting the further redistribution layer structure
408 with the redistribution layer structure 108 through the
carrier 100a.

FIG. 6 illustrates a schematic flow diagram of a method
600 of manufacturing a package arrangement 100, according
to various embodiments, wherein the method 600 may
include: 1 610, at least partially embedding at least one
clectronic circuit 104 1n a first encapsulation material 102,
the at least one electronic circuit 104 including a first contact
pad structure 104¢ at a first side 104a of the at least one
clectronic circuit 104; 1n 620, forming a redistribution layer
structure 108 over the at least one electronic circuit 104, the
redistribution layer structure 108 electrically contacting the
first contact pad structure 104¢; 1n 630, disposing at least one
clectromechanical device 106 over the redistribution layer
structure 108, the at least one electromechanical device 106
including a second contact pad structure 106c¢, the second
contact pad structure 106c¢ electrically contacting the redis-
tribution layer structure 108, wherein a gap 109 1s provided
between the at least one electromechanical device 106 and
the redistribution layer structure 108; and, 1n 640, at least
partially covering the at least one electromechanical device
106 with a second encapsulation material 110, wherein the
gap 109 remains free of the second encapsulation material
110. The method 600 may be performed for example as
already described with reference to FIGS. 1, 2, 3, 4, 5A and
5B or as described 1n the following.

FIG. 7A illustrates a package arrangement 100 1 a
schematic cross sectional view at various processing stages
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during manufacture, according to various embodiments, e.g.
during method 600 1s carried out. At a processing stage
700a, a recon waler 100a (in other words a wafer level
package 100q or a carrier 100a) may be formed or provided.
Theretore, a plurality of dies 104 (or chips 104 or electronic
circuits 104) may be attached to an auxiliary carrier 702, the
auxiliary carrier 702 including for example an adhesive (e.g.
a dicing tape). The dies 104 (or the chips 104, or the
clectronic circuits 104) may be mounted on the auxiliary
carrier 702 so that the first contact pad structure 104¢ of the
respective die 1s facing the auxiliary carrier 702. Subse-
quently, the dies 104 may be encapsulated (covered) with the
first encapsulation matenial 102. The auxiliary carrier 702
may be removed to provide the recon water 100a including
the first encapsulation material 102 and the dies 104 at least
partially embedded into the first encapsulation material 102.

At a further processing stage 7006 1n FIG. 7B, a redis-
tribution 108 (1n other words a redistribution layer structure
108) may be formed over the recon water 100a. The
redistribution 108 may include a first redistribution layer
108a contacting each of the first contact pad structures 104c¢
of the dies 104, and the redistribution 108 may include a
second redistribution layer 1085 for contacting the second
contact pad structures 106c of electromechanical devices
106 to be mounted on the redistribution 108 (ci. FIG. 11).
[lustratively, the redistribution 108 may include land pads
on top for SAW chip assembly.

At a further processing stage 700c 1 FIG. 7C, a plurality
of electromechanical devices 106 (e.g. a plurality of SAW
chips 106) may be applied on the top metal (1n other words
on the redistribution layer structure 108). The second contact
pad structures 106¢ of the electromechanical devices 106
(e.g. of the SAW chips 106) facing the redistribution 108,
and the second redistribution layer 1085 may electrically
contact the second contact pad structures 106¢ of the elec-
tromechanical devices 106 (cif. FIG. 11). The electrome-
chanical devices 106 may be applied to the second redistri-
bution layer 1086 by soldering. According to various
embodiments, each electromechanical device 106 may be
applied with an SUS-ring 306 disposed between the elec-
tromechanical device 106 and the redistribution 108, as
already described.

At a further processing stage 7004 in FIG. 7D, the
clectromechanical devices 106 (e.g. the SAW chips 106)
may be over-molded with the second encapsulation material
110 (or in other words with mold material 110). Over-
molding the electromechanical devices 106 may include
applying a mold sheet 710s over the electromechanical
devices 106 and performing a compression molding subse-
quently to get the final thickness. The gap 109 may be free
of the molding material after the over-molding. Illustra-
tively, the gap may be free of solid material, or in other
words, the gap 109 may be an empty space.

At a further processing stage 700e 1n FIG. 7E, the recon
waler 100aq (the mold stack) may be ground (thinned to a
desired final thickness) and a footprint 708 may be generated
at the bottom side of the thinned recon water 100a by the
further redistribution layer structure 408 formed at the
bottom side of the thinned recon water 100a. The vias 508
may be formed through the thinned recon water 100a from
the backside. According to various embodiments, recon
waler 100q, ¢.g. the dies 104 and/or the first encapsulation
material 102, may be thinned (ground) to a thickness of less
than about 100 um. According to various embodiments, the
recon water 100a, the electronic circuits 104, the electro-
mechanical devices 106, the redistribution 108, and the
second encapsulation material 110 may be provide a pack-
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age arrangement 100 or may be singulated to provide a
plurality of package arrangements 100.

According to various embodiments, the package arrange-
ment 100 (or in other words the module 100 or the multi-
chip eWLP 100) may be used for GPS-applications or other
radio frequency (RF) applications, e.g. as electronic filter,
c.g. as SAW filter. Further, the package arrangement 100
may be used for applications including a moveable compo-
nent, €.g. a membrane, a gyroscopic device.

According to various embodiments, the gap 109 below
the electromechanical device 106 (e.g. below the SAW chip
106) may have a thickness (e.g. a collapsed thickness) 1n the
range from about 10 um to about 50 um, e.g. in the range
from about 20 um to about 35 um, e.g. in the range from
about 25 um to about 30 um. Further, the gap 109 may have
a width (a lateral extension) greater than 100 um, ¢.g. greater
than 200 um, e.g. greater than 300 um, e.g. greater than 400
um, e.g. greater than 500 um. According to various embodi-
ments, the gap 109 (or the empty space) may have a volume
in the range from about 0.005 um’ to about 0.040 um".

According to various embodiments, the electronic circuits
104 may include an RCL (or LRC) resonator circuit includ-
ing for example a resistor, a capacitor, and an inductor (a
coil).

FIG. 8A illustrates a package arrangement 100 1 a
schematic cross sectional view at various processing stages
during manufacture, according to various embodiments, e.g.
during method 600 i1s carried out. At a processing stage
800a, a recon waler 100a may be formed or provided.
Theretore, a plurality of dies 104 (or chips 104, or electronic
circuits 104) may be attached to an auxiliary carrier 702, the
auxiliary carrier 702 including for example an adhesive (e.g.
a dicing tape). The dies 104 may be mounted (disposed) on
the auxiliary carrier 702 so that the first contact pad structure
104c¢ 1s facing the auxiliary carrier 702. Further, a plurality
of metal blocks 508 may be mounted (disposed) on the
auxiliary carrier 702 next to the dies 104. Subsequently, the
dies 104 and the metal blocks 508 may be encapsulated
(covered) with the first encapsulation material 102. The
auxiliary carrier 702 may be removed to provide the recon
waler 100a including the first encapsulation material 102,
the dies 104, and the metal blocks 508 at least partially
embedded into the first encapsulation maternial 102. Accord-
ing to various embodiments, at the first processing stage
800a, a recon water 100a may be generated including silicon
dies 104 and embedded solder lands 508; the recon water
100a may be also referred to a lead frame water.

At a further processing stage 8005 in FIG. 8B, a redis-
tribution 108 may be formed over the recon water 100a. The
redistribution 108 may electrically connect the dies 104 to
the embedded solder lands 508. The redistribution 108 may
include a first redistribution layer 108a contacting each of
the first contact pad structures 104¢ of the dies 104, and the
redistribution 108 may include a second redistribution layer
1085 for contacting the second contact pad structures 106¢
ol the electromechanical devices 106 to be mounted on the
redistribution 108 (ci. FIG. 11A-C). Illustratively, the redis-
tribution 108 may include land pads on top for SAW chip
assembly.

At a further processing stage 800¢ 1n FIG. 8C, a plurality
of electromechanical devices 106 (e.g. a plurality of SAW
chips 106) may be applied (mounted or disposed) on the top
metal (in other words on the redistribution layer structure
108). The second contact pad structures 106¢ of the elec-
tromechanical devices 106 (e.g. of the SAW chips 106)
tacing the redistribution 108 respectively, and the second
redistribution layer 10856 may electrically contact the second
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contact pad structures 106¢ of the electromechanical devices
106 (ci. FIG. 11A-C). The electromechanical devices 106
may be applied by soldering or gluing.

According to various embodiments, each electromechani-
cal device 106 may be applied with an SUS-ring 306
disposed between the electromechanical device 106 and the
redistribution 108, as already described. The SU8-ring 306
may be optional, 1f a molding sheet 1s used for encapsulating
the electromechanical devices 106.

At a further processing stage 8004 in FIG. 8D, the
clectromechanical devices 106 (e.g. the SAW chips 106)
may be over-molded with the second encapsulation material
110 (or in other words with mold material 110). Over-
molding the electromechanical devices 106 may include
applying a mold sheet 710s over the electromechanical
devices 106 and performing a compression molding subse-
quently to get the final thickness. The gap 109 may be free
of the molding material after the over-molding. Illustra-
tively, the gap may be free of solid material, or in other
words, the gap 109 may be an empty space.

At a further processing stage 800¢ in FIG. 8E, the recon
waler 100a (or i other words the mold stack 100) may be
ground (thinned to a final thickness) and a footprint 808 may
be generated at the bottom side of the thinned recon water
100a by the metal blocks 508 that are embedded in the recon
waler 100a. The metal blocks 508 may be partially removed
and/or at least partially exposed at the backside of the
thinned recon water 100a during the grinding.

According to various embodiments, the recon water 100aq,
¢.g. the dies 104, the first encapsulation material 102, and/or
the metal blocks 508, may be thinned to a thickness of less
than about 100 um. Further, the metal blocks 508 may be
provided by a lead frame. The recon wafer 100a may be a
lead frame water or a lead frame package (ci. FIGS. 12A to
12C). According to various embodiments, the recon wafer
100a, the electronic circuits 104, the electromechanical
devices 106, the redistribution 108, and the second encap-
sulation material 110 may be provide a package arrangement
100 or may be singulated to provide a plurality of package
arrangements 100.

According to various embodiments, the package arrange-
ment 100 may be used for GPS-applications or other RF
applications, e.g. as electronic filter, e.g. as SAW f{ilter.
Further, the package arrangement 100 may be used {for
applications including any other moveable component.

According to various embodiments, the electronic circuits
104 may include an RCL (or LRC) resonator circuit includ-
ing for example a resistor, a capacitor, and an inductor (a
coil). Illustratively, an electronic circuit 104 may support at
least one electromechanical device 106 of the package
arrangement 100, or 1n other words, the electronic circuit
104 may be a driver circuit or a driver device for at least one
clectromechanical device 106 of the package arrangement
100. Further, a plurality of electronic circuits 104 may be
provided and configured to operate at least one electrome-
chanical device 106.

According to various embodiments, at least some (or all)
of the contact pads 104c¢ of the first contact pad structure
104¢ may be routed to the backside of the recon water 100a.
According to various embodiments, the metal blocks 508 or
the vias 508 may eclectrically contact the electronic circuit
104 and the electromechanical device 106, e.g. by means of
the redistribution layer structure 108.

FIG. 9A shows a waler level package or a part of a waler
level package in a schematic cross sectional view or side
view at various processing stages during manufacture
according to various embodiments. According to various
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embodiments, solder lands 508 may be provided 1n a chip
embedding package 100a (e.g. 1n an embedded water level
package, eWLP) which are reliable, may act as heat spread-
ers and may be less fragile against copper leaching into the
solder joint.

Typically, solder lands 1n embedding packages may be
created by pattern plating or pattern etching copper lands,
wherein the typically formed copper lands may be relatively
thin copper layers. According to various embodiments,
massive blocks 508 may be embedded side by side to chips
104 and other components (e.g. SAW chips 106), wherein
the massive blocks 508 may act as direct solder lands.
According to various embodiments, the massive blocks 508
may have a lateral extension greater than about several tens
of microns, e.g. a lateral extension in the range from about
10 um to about 1 mm, or even greater than about 1 mm.

Solder lands created by pattern plating or pattern etching
may be relatively thin metal layers which can be consumed
by soldering (so called leaching) or electro migration. In
contrast, according to various embodiments, the massive
metal blocks 508 may be more robust and may last longer
until fatigue. The massive metal blocks 508 may also change
the overall CTE (coeflicient of thermal expansion) of a
package more mto the direction of the PCB (printed circuit
board) and therefore the massive metal blocks 508 may be
positive 1 terms ol board-level reliability. Further, the
massive metal blocks 508 may act as heat spreader and lead
to a good transfer of heat into the PCB (e.g. for the use in
power packages). The massive metal blocks 508 may be, for
example, directly soldered to the PCB (solder lands).

According to various embodiments, one or more massive
metal blocks 508 may be embedded side by side (laterally
next to each other) to the chips 104, dies 104, or electronic
circuits 104, as 1illustrated for example 1n FIG. SA, FIG.
S8A-8E. FIG. 9A-9D and FIG. 10A-10C. These metal blocks
508 may act directly as solder lands. Further, the metal
blocks 508 may be coated to have a wettable finish.

According to various embodiments, a method for manu-
facturing a carrier 100a (e.g. a recon waler) may include: at
least partially embedding at least one electronic circuit 104
(e.g. one or more dies or one or more chips) and at least one
metal block 508 (e.g. laterally) next to the at least one
clectronic circuit 104 1n a first encapsulation material 102,
the at least one electronic circuit 104 including a first contact
pad structure 104¢ at a first side 104a of the at least one
clectronic circuit 104; forming a redistribution layer struc-
ture 108 over the at least one electronic circuit 104, the
redistribution layer structure 108 electrically contacting the
first contact pad structure 104¢ and the at least one metal
block 508.

Hlustratively, a recon water 100a may be provided, the
recon waler 100q including one or more electronic circuits
104 and one or more metal blocks 508 next to the one or
more electronic circuits 104. As illustrated in FIG. 9, a recon
waler 100a (1n other words a water level package 100a) may
be formed or provided at a processing stage 900a. Therefore,
a plurality of dies 104 (or a plurality of chips or a plurality
of electronic circuits 104) may be attached to an auxihary
carrier 702, the auxiliary carrier 702 including for example
an adhesive (e.g. a dicing tape). The dies 104 (or the chips
104, or the electronic circuits 104) may be mounted (dis-
posed) on the auxiliary carrier 702 so that the first contact
pad structure 104¢ 1s facing the auxihiary carrier 702. Fur-
ther, a plurality of metal blocks 508 may be mounted
(disposed) on the auxiliary carrier 702 next to the dies 104.
Subsequently, the dies 104 and the metal blocks 508 may be
encapsulated (covered) with the first encapsulation material
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102. The auxiliary carrier 702 may be removed providing
the recon water 100q 1including the first encapsulation mate-

rial 102, and the dies 104 and the metal blocks 508 at least

partially embedded into the first encapsulation material 102.
According to various embodiments, at the first processing
stage 900a, a recon waler 100a (also referred to as lead

frame waler) may be generated including silicon dies 104
and embedded solder lands 508.

At a further processing stage 9006 1n FIG. 9B, a redis-
tribution 108 (1n other words a redistribution layer structure
108) may be formed over the recon water 100aqa. The

redistribution 108 may electrically connect the dies 104 to
the embedded solder lands 508. The redistribution 108 may
include a first redistribution layer 108a contacting each of
the first contact pad structures 104c¢ of the dies 104, and the
redistribution 108 may include a second redistribution layer
1086 for contacting and/or mounting a further electronic
device or electromechanical device on the redistribution 108

(cf. FIG. 11). Illustratively, the redistribution 108 may
include land pads on top, e.g. for a multi-chip assembly.

At a turther processing stage 900c 1n FIG. 9C, the recon
waler 100a may be ground (thinned to a final thickness) to
expose the embedded metal blocks 508 at the backside of the
recon waler 100a. The metal blocks 508 may be partially
removed or at least partially exposed at the backside of the
thinned recon water 100a by grinding. Illustratively, the first
encapsulation material 102 of the recon wafer 100a may be
partially removed to expose the embedded solder lands 508.

According to various embodiments, the recon water 100aq,
¢.g. the dies 104, the first encapsulation material 102, and/or
the metal blocks 508, may be thinned to a thickness of less
than about 100 um. Further, the metal blocks 508 may be
provided by a lead frame. The recon wafer 100a may be a
lead frame water or a lead frame package (ci. FIGS. 12A to
14C).

At a further processing stage 9004 1n FIG. 9D, a solder
finish may be performed, e.g. by means of solder paste
printing and/or retflow soldering. As 1llustrated 1in FIG. 9, the
recon waler 100a may include solder 908 at the metal blocks
508 exposed at the backside of the recon water 100aq.
According to various embodiments, the electronic circuits
104 (e.g. the dies 104 or the chips 104) may be electrically
and/or thermally 1solated at their backside 104b6. In other
words, the backside 1045 of the dies 104 included 1n the
recon waler 100a may be covered with the first encapsula-
tion material 102, as for example illustrated 1n F1G. 9A-9D.

Alternatively, as illustrated 1n FIG. 10A, the one or more
dies 104 (e.g. the at least one electronic circuit 104) may
include a pre-applied solder-backside 904. In other words,
the backside 1045 of the at least one die 104 may be covered
with solder 904 or at least partially covered with solder 904,
betore the at least one die 104 1s embedded into the first
encapsulation material 102 or before the at least one die 104
1s mounted on the auxiliary carrier 702.

Further, during grinding the recon water 100a, as already
described before, e.g. at the further processing stage 900c,
the metal blocks 508 and the solder 904 (1in other words the
pre-applied solder-backside 904) may be exposed at the
backside of the thinned recon water 100q. Illustratively, the
first encapsulation material 102 may be partially removed to
expose the metal blocks 508 and the solder 904 at least
partially. This may allow to electrically and/or thermally
contact the backside 1045 of the at least one die 104.
According to various embodiments, the mold compound 102

may be ground from the back to expose the chip-solder-
backside 904 and the embedded solder lands 508.
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FIG. 11A 1llustrates the redistribution layer structure 108
of a water level package 100a, a recon water 100 or of a
package arrangement 100, as described herein, in a sche-
matic cross sectional view 1100 seen from a lateral direction
and 1 two schematic top views 11005, 11007 or cross
sections 110056, 11007 of the redistribution layer structure
108 seen from a vertical direction (perpendicular to the
lateral direction) according to various embodiments. As
already described, the redistribution layer structure 108 may
include a first redistribution layer 108a and a second redis-
tribution layer 10856 over the first redistribution layer 108a.
As 1llustrated 1 FIG. 11B 1 a top view 11005, the first
redistribution layer 108a may include a plurality of vias
1008v and a plurality of metal lines (a wiring structure)
1008 extending within a dielectric material 10084. The
first redistribution layer 108a may serve for re-routing the
first contact pad structure 104c¢ of the at least one electronic
circuit 104.

As tfurther illustrated in FIG. 11C 1n the top view 1100z,
the second redistribution layer 10856 may include a plurality
of vias 1008v and a plurality of metal lines 1008 extending
within a dielectric material 10084. The second redistribution
layer 108a may serve for re-routing between the first redis-
tribution layer 108a and a further electronic device or
clectromechanical device 106 to be applied over the second
redistribution layer 1085. According to various embodi-
ments, the second redistribution layer 1085 may further
include a metal layer 1018 for electromagnetic shielding.
In other words, the second redistribution layer 1085 may
include a shielding structure 1018 to provide an electro-
magnetic shielding for the at least one electronic circuit 104.
Further, the metal layer 1018 for electromagnetic shielding
may extend over more than half of the area of the redistri-
bution layer structure 108.

The first redistribution layer 108a may include a fine
pattering, e¢.g. with a smaller line/space than the second
redistribution layer 1085. The first redistribution layer 1084
may include, referring to the volume, less metal than the
second redistribution layer 1085, since the second redistri-
bution layer 1085 may include the metal layer 1018 for
clectromagnetic shielding. This metal layer may be con-
tacted to the ground. According to various embodiments, the
metal layer 1018 for electromagnetic shielding may not be
clectrically connected to the first contact pads 104c¢ of the at
least one electronic circuit 104 and may not be electrically
connected to the second contact pads 106c¢ of the at least one
clectromechamical device 106 (ci. FIG. 7A-E and FIG.
8A-E). According to various embodiments, the metal layer
1018m for electromagnetic shielding may be electrically
separated from the wiring structure of the redistribution
layer structure 108 for re-routing. Further, the metal layer
1018 may include one or more metal and/or one or more
metal alloys.

According to various embodiments, components (e.g. the
at least one electromechanical device 106) disposed over the
redistribution layer structure 108 may not need an electro-
magnetic shielding, wherein components (e.g. the at least
one electronic circuit 104) disposed below the redistribution
layer structure 108 may need an electromagnetic shielding.
The first redistribution layer 108a¢ may be configured for
routing of the components (e.g. the at least one electronic
circuit 104) which need the electromagnetic shielding. The
second redistribution layer 1085 may be configured for
routing to components (e.g. to the at least one electrome-
chanical device 106) which may not need the electromag-
netic shielding, wherein the second redistribution layer 1085
may 1nclude landing pads 1008p for those components

10

15

20

25

30

35

40

45

50

55

60

65

16

which may not need the electromagnetic shielding. Further,
the second redistribution layer 1085 may include a large
RDL area 1018 which acts as electromagnetic shielding for
the underlying components which may need the electromag-
netic shielding.

FIGS. 12A to 14C show various methods of metal embed-
ding and singulation, and a carrier 100q (e.g. also referred to
as recon waler or water level package) respectively 1n a top
view and cross sectional views at various processing stages.

FIG. 12 A 1llustrates a carrier 100qa, as already described,
wherein the carrier 100a 1s provided by the embedding of
single metal parts 508, e.g. by embedding lead-frame pieces
singulated prior to embedding, which acts as solder lands for
one package 1000 respectively. The chips 104 (e.g. the
clectronic circuits 104) and the single metal parts 508 (e.g.
the metal blocks 508) may be arranged 1n a x-y-pattern 1012,
¢.g. on the auxiliary carrier 702, before the chips 104 and the
single metal parts 508 are embedded 1nto the first encapsu-
lation material 102. According to various embodiments, the
X-y-pattern may define or may provide singulation streets
1012% for singulation of the carrnier 100a into individual
packages 1000.

The carrier 100a (e.g. the recon water as described before)
may be singulated into a plurality of packages 1000 (or in
analogy into a plurality of package arrangements 100 as
described before). In other words, the carrier 100a may
include a plurality of electronic circuits 104 and, optionally,
a plurality of electromechanical devices 106, and a plurality
of metal blocks 508 being at least partially embedded into
the first encapsulation material 102 at a first processing stage
1012a.

At the processing stage 1012q 1n FIG. 12B, the metal
blocks 508 may be exposed at a front side of the carrier
100a. Further, as 1llustrated at a further processing stage

10125 1n F1G. 12C, the carrier 100a may be ground from the
backside of the carrier 100a to the desired thickness. Further,
as 1llustrated at a further processing stage 1012¢ in FIG.
12D, the carrier 100a may be singulated 1nto a plurality of
packages 1000, e.g. along the singulation streets 1012x.
Alternatively, as for example illustrated i FIG. 13A,

metal lead-frames or lead-frame-parts may be embedded
into the first encapsulation material 102, wherein the metal
lead-frames or lead-frame-parts are singulated after embed-
ding (e.g. during package singulation) and act as solder
lands 508 for different packages 1000.

According to various embodiments, the carrier 100a may
be provided by the embedding of metal lead-frames or
lead-frame-parts, wherein a metal lead-frame or a lead-
frame-part may include two or more than two metal blocks
508 connected with each other prior to embedding. The
chips 104 (e.g. the electronic circuits 104) and the at least
partially connected metal blocks 508 may be arranged 1n a
x-y-pattern 1012, e¢.g. on the auxiliary carrier 702, before the
chips 104 and the at least partially connected metal blocks
508 are embedded 1nto the first encapsulation material 102.
According to various embodiments, the x-y-pattern 1012
may define or may provide singulation streets 10124 for
singulation of the carrier 100a into individual packages
1000.

The carrier 100a (e.g. the recon water as described before)
may be singulated into a plurality of packages 1000 (or in
analogy into a plurality of package arrangements 100 as
described before). In other words, the carrier 100a may
include a plurality of electronic circuits 104 and, optionally,
a plurality of electromechanical devices 106, and a plurality
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of metal blocks 508 being at least partially embedded nto
the first encapsulation material 102 at a first processing stage
1012a.

At the processing stage 10124 1n FIG. 13B, the metal
blocks 508 may be exposed at a front side of the carrier
100a. Further, as illustrated at a further processing stage
10125 1n FIG. 13C, the carrier 100a may be ground from the
backside of the carrier 100a to the desired thickness. Further,
as 1llustrated at a further processing stage 1012¢ in FIG.
13D, the carrier 100a may be singulated into a plurality of
packages 1000, e.g. along the singulation streets 1012%.
During singulation, the metal lead-frames or lead-frame-
parts may be singulated into individual metal blocks 508
being embedded into the first encapsulation material 102 of
the respective package 1000.

Alternatively, as for example illustrated i FIG. 14A, a
global metal lead-frame may be embedded into the first
encapsulation material 102, wherein the global metal lead-
frame 1s singulated after embedding (e.g. during backside
orinding) and the singulated metal parts 508 may act as
solder lands for different packages 1000.

According to various embodiments, the carrier 100 may
be provided by the embedding the global metal lead-frame,
wherein the global metal lead-frame may include all
required metal blocks 508 connected with each other prior to
embedding. The chips 104 (e.g. the electronic circuits 104)
and the connected metal blocks 508 may be arranged 1n a
x-y-pattern 1012, e¢.g. on the auxiliary carrier 702, before the
chips 104 and the connected metal blocks 508 are embedded
into the first encapsulation material 1012. According to
various embodiments, the x-y-pattern 1012 may define or
may provide singulation streets 10124 for singulation of the
carrier 100q 1nto individual packages 1000.

The carrier 100a (e.g. the recon watler as described before)
may be singulated into a plurality of packages 1000 (or in
analogy into a plurality of package arrangements 100 as
described before). In other words, the carrier 100a may
include a plurality of electronic circuits 104 and, optionally,
a plurality of electromechanical devices 106, and a plurality
of metal blocks 508 being at least partially embedded nto
the first encapsulation material 102 at a first processing stage
1012a.

At the processing stage 10124 1n FIG. 14B, the metal
blocks 508 may be exposed at a front side of the carrier
100a. Further, as illustrated at a further processing stage
101256 1n FI1G. 14C, the carrier 100a may be ground from the
backside of the carrier 100a to the desired thickness. During,
orinding, the global metal lead-frame may be singulated into
individual metal blocks 508 being embedded into the first
encapsulation material of the carrier 100a. Further, as 1llus-
trated at a further processing stage 1012¢ i FIG. 14D, the
carrier 100a may be singulated into a plurality of packages
1000, e.g. along the singulation streets 10124

According to various embodiments, the package 1000
may be referred to as waler level package (eWLP) or
module. The carrier 100a may be referred to as recon waler
100a or water level package (eWLP). The package 1000
may be singulated from the carrier 100a by means of dicing,
¢.g. sawing or chemically dicing.

According to various embodiments, a package arrange-
ment may mclude: a first encapsulation material 102; at least
one electronic circuit 104 at least partially embedded in the
first encapsulation material 102, the at least one electronic
circuit 104 may include a first contact pad structure 104c¢ at
a first side 104a of the at least one electronic circuit 104; at
least one electromechanical device 106 (e.g. a MEMS,

NEMS, e.g. a SAW device) disposed over the first side 104a
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of the at least one electronic circuit 104, the at least one
clectromechanical device 106 may include a second contact
pad structure 106¢ facing the first side 104a of the at least
one electronic circuit 104; a redistribution layer structure
108 between the at least one electromechanical device 106
and the at least one electronic circuit 104, the redistribution
layer structure 108 electrically connecting the first contact
pad structure 104¢ with the second contact pad structure
106¢c, wherein a gap 109 may be provided between the at
least one electromechanical device 106 and the redistribu-
tion layer structure 108; a second encapsulation material 110
at least partially covering the at least one electromechanical
device 106, wherein the gap 109 may be free of the second
encapsulation material 110.

Further, the at least one electromechanical device 106
may include a surface acoustic wave chip.

Further, the redistribution layer structure 108 may include
a wiring structure 10082, 1008v for electrical routing and a
shielding structure 1018z for electromagnetic shielding.
Further, the shielding structure may overlap more than 50%
of the at least one electronic circuit 104.

Further, the redistribution layer structure 108 may include
a first redistribution layer 108a and a second redistribution
layer 10856 disposed on the first redistribution layer 108a.
The second redistribution layer 1086 may include a metal
layer 1018m for electromagnetic shuelding. The metal layer
1018 may overlap more than 50% of the at least one
clectronic circuit 104.

Further, the first contact pad structure 104¢ may include
a plurality of first contact pads facing the redistribution layer
structure 108.

Further, the second contact pad structure 106c may
include a plurality of second contact pads facing the redis-
tribution layer structure 108.

Further, the second encapsulation material 110 may cover
a side of the at least one electromechanical device 106 facing
away from the redistribution layer structure 108.

Further, the second encapsulation material 100 may par-
tially cover the redistribution layer structure 108.

The package arrangement may further include: a sealing
structure 306 disposed between the at least one electrome-
chanical device 106 and the redistribution layer structure
108, the sealing structure 306 surrounding (in other words
encircling) the gap 109.

The package arrangement may further include: a further
redistribution layer structure 408 disposed over a second
side 1045 of the at least one electronic circuit 104 opposite
the first side 104a of the at least one electronic circuit 104.

The package arrangement may further include: at least
one via 308 extending through the first encapsulation mate-
rial 102, wherein the further redistribution layer structure
408 and the redistribution layer structure 108 are electrically
connected with each other by the at least one via 508.

The package arrangement may further include: at least
one metal block 508 at least partially embedded into the first
encapsulation material 102 and disposed next to the at least
one electronic circuit 104, wherein the further redistribution
layer structure 408 and the redistribution layer structure 108
are electrically connected with each other by the at least one
metal block 508.

Further, the at least one electronic circuit 104 may include
a driver circuit for the at least one electromechanical device
106.

Further, the at least one electronic circuit may include at
least one electronic circuit of the following group of elec-
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tronic circuits, the group consisting of: a low noise amplifier
(LNA); an integrated passive device (IPD); an inductor; a
resonator circuit.

Further, the at least one electromechanical device 106
may include an electronic filter, e.g. to modily a signal
received from the at least one electronic circuit 104 and
provide the modified signal to the at least one electronic
circuit 104.

According to various embodiments, a package (in other
words a recon waler or a waler level package) may include:
an encapsulation material 102, at least one die 104 (or at
least one electronic circuit 104), wherein the at least one die
104 may be at least partially embedded 1n the encapsulation
material 102, the at least one die including a plurality of
contact pads 104c¢ at a first side 104a of the at least one die
104; at least one metal block 508 next to the at least one die
104 and at least partially embedded in the encapsulation
material 102, the at least one metal block 508 extending
through the encapsulation material 102; a redistribution
layer structure 108 at the first side of the at least one die 104,
the redistribution layer structure 108 electrically contacting,
the plurality of contact pads 104¢ and the at least one metal
block 508.

Further, the redistribution layer structure 108 may include
a wiring structure for electrical routing and a shielding
structure 1018m for electromagnetic shielding.

Further, the at least one die may include solder at a second
side 1045 of the at least one die opposite the first side 104a.

According to various embodiments, a method of manu-
facturing a package arrangement 100 may include: at least
partially embedding at least one electronic circuit 104 (e.g.
a chip or a die) 1n a first encapsulation material 102, the at
least one electronic circuit 104 1including a first contact pad
structure 104¢ at a first side 104a of the at least one
clectronic circuit 104; forming a redistribution layer struc-
ture 108 over the at least one electronic circuit 104, the
redistribution layer structure 108 electrically contacting the
first contact pad structure 104c¢; disposing at least one
clectromechanical device 106 (e.g. a MEMS, e.g. a SAW
device) over the redistribution layer structure 108, the at
least one electromechanical device 106 including a second
contact pad structure 106¢, the second contact pad structure
106¢ clectrically contacting the redistribution layer structure
108, wherein a gap 109 1s provided between the at least one
clectromechanical device 106 and the redistribution layer
structure 108; at least partially covering the at least one
clectromechanical device 106 with a second encapsulation
material 110, wherein the gap 109 remains free of the second
encapsulation material 110.

The at least one electromechanical device 106 may be
disposed over the at least one electronic circuit 104. The at
least one electronic circuit 104 may include a terminal to
connect the at least one electronic circuit 104 to an external
antenna structure. Further, the at least one electromechanical
device 106 may include a terminal to connect the at least one
clectromechanical device 106 to an external antenna struc-
ture. Further, the redistribution layer structure 108 may
include a terminal to connect the at least one electronic
circuit 104 and/or the at least one electromechanical device
106 to an external antenna structure.

While the mvention has been particularly shown and
described with reference to specific embodiments, 1t should
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims. The scope of the mvention 1s thus indi-
cated by the appended claims and all changes which come
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within the meaning and range of equivalency of the claims
are therefore intended to be embraced.

What 1s claimed 1s:

1. A package arrangement comprising:

a first encapsulation material;

at least one electronic circuit device at least partially
embedded 1n the first encapsulation material, the at
least one electronic circuit device comprising a {first
contact pad structure at a first side of the at least one
electronic circuit device:

at least one electromechanical device disposed over the
first side of the at least one electronic circuit device, the
at least one electromechanical device comprising a
second contact pad structure facing the at least one
electronic circuit device;

a redistribution layer structure between the at least one
clectromechanical device and the at least one electronic
circuit device, the redistribution layer structure electri-
cally connecting the first contact pad structure with the
second contact pad structure, wherein a gap 1s provided
between the at least one electromechanical device and
the redistribution layer structure;

a second encapsulation material at least partially covering
the at least one electromechanical device, wherein the
gap 1s Iree of the second encapsulation material.

2. The package arrangement according to claim 1;

wherein the at least one electromechanical device com-
prises a surface acoustic wave chip.

3. The package arrangement according to claim 1;

wherein the redistribution layer structure comprises a
wiring structure for electrical routing and a shielding
structure for electromagnetic shielding.

4. The package arrangement according to claim 1;

wherein the redistribution layer structure comprises a
wiring structure for electrical routing and a shielding
structure for electromagnetic shielding.

5. The package arrangement according to claim 4;

wherein the second redistribution layer comprises a metal
layer to form an electromagnetic shield.

6. The package arrangement according to claim 1;

wherein the first contact pad structure comprises a plu-
rality of first contact pads facing the redistribution layer
structure.

7. The package arrangement according to claim 1;

wherein the second contact pad structure comprises a
plurality of second contact pads facing the redistribu-
tion layer structure.

8. The package arrangement according to claim 1;

wherein the second encapsulation material covers a side
of the at least one electromechanical device facing
away from the redistribution layer structure.

9. The package arrangement according to claim 1;

wherein the second encapsulation material partially cov-
ers the redistribution layer structure.

10. The package arrangement according to claim 1, fur-

ther comprising:

a sealing structure disposed between the at least one
clectromechanical device and the redistribution layer
structure, the sealing structure surrounding the gap.

11. The package arrangement according to claim 1; fur-

ther comprising:

a Turther redistribution layer structure disposed over a
second side of the at least one electronic circuit device
opposite the first side of the at least one electronic
circuit device.

12. The package arrangement according to claim 11,

further comprising:
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at least one via extending through the first encapsulation
material,

wherein the further redistribution layer structure and the
redistribution layer structure are electrically connected
with each other by the at least one via.

13. The package arrangement according to claim 11,

turther comprising:

at least one metal block at least partially embedded into
the first encapsulation material and disposed next to the
at least one electronic circuit device, wherein the fur-
ther redistribution layer structure and the redistribution
layer structure are electrically connected with each
other by the at least one metal block.

14. The package arrangement according to claim 1;

wherein the at least one electronic circuit device com-
prises a driver circuit for the at least one electrome-
chanical device.

15. The package arrangement according to claim 1;

wherein the at least one electronic circuit device com-
prises at least one electronic circuit device of the
following group of electronic circuits, the group con-
sisting of:
a low noise amplifier;
an integrated passive device;
an inductor;
a resonator circuit.

22

16. The package arrangement according to claim 1;
wherein the at least one electromechanical device com-

prises a surface acoustic wave device.
17. A method of manufacturing a package arrangement,

5 the method comprising:
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at least partially embedding at least one electronic circuit
device 1n a first encapsulation material, the at least one
clectronic circuit device comprising a first contact pad
structure at a first side of the at least one electronic
circuit device;

forming a redistribution layer structure over the at least
one electronic circuit device, the redistribution layer
structure electrically contacting the first contact pad
structure;

disposing at least one electromechanical device over the
redistribution layer structure, the at least one electro-
mechanical device comprising a second contact pad
structure, the second contact pad structure electrically
contacting the redistribution layer structure, wherein a
gap 1s provided between the at least one electrome-
chanical device and the redistribution layer structure;

at least partially covering the at least one electromechani-
cal device with a second encapsulation matenal,
wherein the gap remains free of the second encapsu-
lation material.
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